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1. INTRODUCTION -

The Phase III and IV work to be discussed in this report is a part of
the sequence of studies (‘) of the photoemission of materials which might
be used in probe measurements of the exo-atmospheric electric field. It
was recognized in the earlier phases that a serious error in the probe
measurement could result from: an imbalance in photoemission from the
two antennae. One can easily imagine one antenna probe being exposed to
direct sunlight while the other is partially shaded by the vehicle. The fact
that the photocurrents are unequal would anpear as a voltage comparable
to the potential difference which is sought. As a technique to minimize
this problem, one can seek materials and coating which emit the smallest
photocurrant.

Tasks of Phase I and II were to measure the relative total photoemission
from samples of several engineering materials. These data together with
the results of contact potential measurements were to be used in the selectian
of preferred materials for probe fabrication.

A theoretical task in PLase II examined the mechanisms of photoemission
as postulated by Fowler (®) and Hinteregger (®) and the expressions for photo-
electric yield which resulted from.these two different theories. As part of
Phase II, the impact of these theories upon the problem of emission minimi-
zation was examined. It was found that the theories did not give a complete
picture of the photoelectric yield and that a gap in the predictions. of the two
theories fell just where the solar spectral curve rose most steeply. One
should, therefore, study not only.the total emitted current as was done in
Phases I and II but also examine the yield spectrum in detail over a wide range
of incident photon enerzies.

Phase III has been a two-pronged study of the wavelength dependence of -
photoelectric yield. In the next section of this report the results of a literature
survey will-be presented. The absolute yield data for eleven materials as a
function of wavelength has been collected and plotted over the range 800 to
3200 1, Section III will describe modifications which have been made to the
experimental apparatus at Avcoto allow the measuremept of relative yie'd
as a function of wavelength over the range 2000 to 4000 A. The results of
measurements made with some of the samples-used in the earlier phases are
given. In the final sections of this i aport the yleld data will be evaluated in
terms of the solar spectrum and figures of mesit will be developed.

Additional experimental measurements have been added to the study as
Phase IV. The results of these measurements have been integrated into the
final report which had been written for Phase III; this report is the resulting
dscument. ‘
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II ABSOLUTE PHOTOELECTRIC YIELD

The absolute photoelectric yield of a material is the number cf
photoelectrons emitted from the material divided by the number of
photons, of a particular energy, incident upon the surface of the material.
Some authors will correct for reflection losses and use the number of
photons absorbed, For ihis study of the effect of solar radiation, the
incident number is the movre realistic definition.

The search for yield data in the liierature has produced several
sources in the vacuum ultravielet ( A less than 1500 A) but much less data
at longer wavelengths. Also, most of the long wavelength data is found
in references before 1935, As will be pointed out in the case of zinc,
the methods of sample preparation lead us to discount some of these
earlier results, Ia Table I the materials are listed with the-figure numbers
of the yield plots znd the reference citations. Where-no.data was found,

a dotted line in the figures indicates extrapolation.

The first group of figures {1-4) includes the free-electron type
metals. They all exhibit yields at the longer wavelengths (= 3000 b.
Silver, gold, and platinum show an inflection point or cusp. This is inter-
preted as indicating the prescace of impurities in the sample such as
surface contamination.

The refractory metals, tungsten and tantalum, and nickil (Figures
5-7) show a cut-off for the _ield curve between 2260 and 2500 A.

Certain materials are found to hxve yleld curves (Figure 8-11) that
drop most steeply, ~utting off at 2000 A or less. Aluminum, cadmium,
and minc from groups two and three of the periodic table together with
copper -beryllium, an alloy, are in this class.

It was stated earlier that some selectivity has been used in the-
presentation of these yleld data, As a case in point we may look at sinc.
Suhrmann af Pletrsyk (1) have published yield values for ginc in the
2300 or 2800 A region. Several of their data points are reproduced in
Figure 10, An.explanation for these high yields at long wavelengths may
be found in the type of sample use for these measurements and the method
of its formation. It turms out that these zinc samples (as well as other
aluminum and cadmium samples reported in the same paper) were thin
evaporated films generated in only moderate vacuum at a low rate. It can
be safely assumed that the substrate and the presence of impurities would
have a strong influence on the photoelectric yield of this kind of sample.
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MATERIAL

Aluminum

Cadmium

Copper

Copper-Beryllium

Gold

Nickel

Platinum

Silver

Tantalum

Tungsten

Zinc

TABLE 1

Y.ELD DATA SOURCES

11

10

FIGURE

-3-

WAVELENGTH BAND

800-1200
800-1440
1000-1600

800-1440
900-1800

800-1200
800-1400
900-2000

900-1500

800-1200
800-1440
800-1000
2250-2750

800-1300
800-1900

800-1200
800-1400
800-2000
2250-2750
2000-2500

800-1400
950-1200
800-1000
2250-2950
900-2000

900-1600

800-1000
800-1300
800-1600
1000-1400

800-1200
900-1700
2300-2800

REFERENCE

(4)
(5)
(6)

(=)
(6)

(4
(7
(6)

(4)

(4)
()
(7
(8)

(4 (M
(6)

(4)
"
(6)
(8)
9

(5)
(4)
(7)
(8)
(6)

(6)

(7)
(4)
(6)
(10)

(4)

(6)

{11) (see
text)
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Photoelectric Yield of Silver

JURECEE S el

|

L L LU (LLLLAR R T T T 1_::_ it

3000

g TG T TR

Silver

i
d

-5.

Figure 2

2000
Incident Light Wavelength - Angstrom

m |
8 .
bawten s | _3:_ Cobogg gy Dener o fever s woer L
8 3 E] ? 3 ? % 5
; 9 3 e S 3 g g

:o»ona\mao.upom.no PISTX 23nrosav




Photoelectric Yield of Gold
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Photoelectric Yield of Platinum
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Photoelectric Yield of Nickel
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Photoelectric Yield of Tantalum
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Photoelectric Yield of Tungsten
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Absolute Yield electrons/photon
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Photoelectric Yield of Cadmium
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Photoelectric Yield of Copper-Beryllium
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1I. EXPERIMENTAL STUDY

The basic apparatus used for the measurement of photoemission
has been described in earlier reports (*). The modifications necessary
to make yield measurements as a function of wavelength are included in
Figure 12. The same high-pressure mercury arc lamp is used as the
light source. A Bausch and Loomb monochromator has been inserted in
the optical path between the quartz focussing lens and the sapphire
window of the vacuum chamber. For these measurements the shutter,
used in Phase II to produce light pulses, is not used. The samples
which have been tested are all electrical conductors, therefore, the
complications of pulse measurements can be avoided.

The steady state photocurrent is collected by the plate which is
biased at +45 volts by the potentiometer R_ and a battery. After being
amplified, this current is displayed on a sgrip-chart recorder. By
starting the wavelength drive of the monochromator one can trace out
a curve of photocurrent versus wavelength with the recorder., Figure 13
shows the observed potoemission current from a ginc sample. (The spike
at 4300 A is due to noise as is the disturbance at 3600 l).

To convert the measured photocurrent to relative yield, it must be
normalized by dividing it, point-by-point, by the relative spectral lamp
intensity. To measure the lamp output a photomultiplier is placed at the
exit slit of the monochromator (Figure 14). The window of the photo-
multiplier is coated with sodium salicylate phosphor to extend the sensitivity
into the ultraviolet. The output of the photomulitplier passes through a
logarithmic voltage compressor and can be plotted on a recorder as a
function of wavelength, A lamp calibration curve taken in this manner is
shown in Figure 15,

In Phase III, measurements of the relative yield of the eight materials
listed in Table II were made-as a function of wavelength., Data of the type
shown .in Figure 13 have been normalized by the appropriate lamp spectrum.
The normalized-experimental points are plotted in Figures 16-23. These
data have also been compared with the values of absolute yield which have
been reported from the literature. A scaling factor has been selected which
will bring the Avco data for gold and silver.into agreement with the curves in
Figures 3 and 2 respectively. The dotted curves in Figures 16-22 represent
the curves in Figures 3, 2, 1, 6, 7, 10, and 11 all multiplied by the-same
scaling factor.

The experimental procedure for the measurements made in Phase IV
was identical to the procedure, already described, used in Phase IIl. The
objective of Phase IV was to measure the relative photoele~tric yield of
three classes of materials: alloys, coated dielectrics, and graphite. A
complete listing of the Phase 1V test materials is given in Table Il

«15e




SNIVEVAAY TVINIWIEIdXE T JUNOId

| dy

I N R

¢ KRR L Kavaert Il SO e, LS

a1

e G St A e DA N AN - L

- .
N

ee v romm
T
3 e A TSR




ouyz wIoxy uorssTwa03oyd paAx38q0

€1 sxn8td

woxisSuy HIONATIAVM

T T

00s¥
o0y ) 99

sdwy INIHEND

- — - I — —f —— — — g =
[ - e - . — - - R o
TR e e EE WP Sy Su\ul% =
* o N
o U oo ey 2 Sl e
I T A= S e
- L/w. ik el R s il
AN = s e
R et et B s s Pl ey i B —
bt Py it i —— . —
= =z
o el m A \v"..(ﬁ.lil.y..w),‘..l&)r\...r;...:l;..tugug&iﬁ‘!v&r:! ot

L
~
-t

]

O e i BE

22"

LT




-
tF: |
iy

ININEENSVAN TOALA0 JWVT HT THNOLL
d4ns
JOVITIOA HOTH s
-d
3
. HOSSHPANO0D
WHTHOOTY 5071
~
i _Am\_.“,_ 3
. gank | |- — — |gOIVWOMHDONGR) ~ - ..lO
YA T'1d TIIOWOLOHL Sl iy !




™ R ,iw;-l.lﬂlﬂc»ﬁl

NOTIVHEITYD dWV'1
gl TuNoOId |
000V
1
xxed
]
o
=
[ ]
B
b
|w.. hd .
\ .
y ) w; N Y L
. IR 4 ntw.
. ! - m R R b .
..,orl w lw ..““ il
| - »v - . A— —
. . e b oy T TEES ! ..|u..«.-. e EE R
= ] LEMN S -
U I 4. 1Y
o |
- : i r . .. - . .& |
) I.-.|.|lT\I»W| ll:.villﬂl.|n|..‘|| N .. t“ ]
: N L. * - M .‘.”...|..|.w....u.|m..h
- . cT - T
) . -3 [ S
s i - !
Mncatinttnisedasnidn P BB o o R RS 3 e Wt SR SO TN TR SV RN ER T PR IR SN
|
T Hl y \ | s T




P

TABLE II

TEST MATERIALS - PHASE Il

b aial e gk e

Carbon |
|
|

Copper

Copper-Beryllium
Gold

Silver (3 samples)

Tantalum |
Tungsten (2 sample 8)

Zinc (2 samples)
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Photoelectric Yield - Arbitrary Units
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Measured Yield of Carbon

» e

e Eamiianm e R AR UULRE
N
TR (T iy ot e

sqTupn Arex3Tqay - PISTA 0TI309T2030Ud

2200 200 2600 2800 3000 3200

2000

1800

“28‘

Incident Light Wavelength - Angstrom
Figure 23

b
Y

o

¥ "’M[}”W N ACIRET AL

AR T T T




] ;

) \ \
) ‘e
1 | TABLE III

TEST MATERIALS - PHASE 1V

SILVER

COPPER-BERYLLIUM

PHOSPHOR BRONZE

ALUMINUM BRONZE

e g o e Y Ty

GLASS (GOLD COATINGS 25, 50, 75, 150,
300, and 600 I THICK)

L e

STAINLESS STEEL, TYPE 304

20 Sl
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GRAPHITE




T UL LR Y

L

WL 1Y e

P

P

P . s et

e e me

W et

"

Phosphor bronze, aluminum brongze, and type 304 stainless steel
alloys were chosen as typical or potential space craft probe materials.
The results of these measurements show that, zelative to gold or silver,
these alloys have very low yields and total solar emissions. The experi-
ment al values for yield are shown in Figures 24-26.

Measurements of emission-from copper -beryllium and silver samples
were repeated in Phase 1IV. This was done to allow correlations to be made
between all’ of the Phase IV data and, the earlier results. In normalizing the
new data the yield of silver at 2500 Ahas been set equal to 8. 3x10 ®electrons
per photon, the value reported in Phase IIl,

The scaling factor for silver at 2500 ! was then used to correct the
yields for each of the other samples in the test run. For completeness
the yield curves for silver and beryllium-copper are presented in Figures
27-28.

Carbon (graphite). paint samples were included in the Phase III study.
However, it has been subsequently learned that this type of sample does
exhibit an aging effect in air. For this reason graphite measurements
have been repeated in Phase 1V. Particular attention was paid to the
handling of these samples. After preparation at GSFC the paint samples
were sealed in tubes which had been flushed with dry nitrogen. Upon re-
ceipt of the samples at -Avco, transfer was made to the vacuum- chamber
and the measurements commenced. Less than one week elapsed between
the sample preparation and the first set of measurements, Figure 29 shows
the yield data for graphite paint as measured in Phase 1v.

A new technique was proposed-for the measurement of the photo-
emission of dielectrics. The emission of a thick layer of gold on a glass
substrate is easily measured, It was postulated that the extrapolation to
zero thickness of emission measurements on successively thinner gold
films would give a measure of the emission of the uncoated glass. This
procedure has been followed using evaporated films of gold between 600
and 25 Angstfom thick. Four samples-of each of six thicknesses were
measured and-each measurement was repeated three or four times. Thus
95 separate yield versus wavelength curves were generated. In the analysis
of this body of data the question-to be answered was: could a variation in
yield be associated with film thickness as proposed in this technique.

The yield data as a function of film thickhess has been replotted for
three selected wavelengths. In these-plots (Figures 30-32) the average
value and the extrema of the measured and-normalized yield values are
shown. Two curves have been drawn in these figures. If these were no
dependence on thickness over the thickness range of this experiment, a
constant yield value would be found as represented by the straiglit Unes.
There would seem, however, to be-an indication of an upturn in the results
at thicknesses less than 75 Angstrom. A curve has been drawn to reflect
this observation. This trend can be seen in the integrated solar emission
which will be discussed in a later section.
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IV. MATERIALS EVALUATION

jons we have presented yield data measured
at Avco and elsewhere for a variety of materials. These data suggest
which materials would be preferred for the fabrication of electric
field probes. The emission performance under exposure to solar
radiation, however, is a better figure of merit. This value has been

calculated and is the subject of this section.

In the previous sect

irradiance (*2) is reproduced in
in the x-ray region can be seen

ch culminates with the Lyman-«
nsity per unit

A plot of the solar spectral
Figure 33. The large fluetuations

together with the line structure whi

line at 1215 A, One may convert this plot of energy de
unit wavelength. This

wavelength to a plot of photon flux density per
type of plot is shown in Figure 34. The data are taken from Reference 13.

Now if we multiply a yield curve of the type drawn in Figure 1 by

the solar photon flux spectrum (Figur 1), point-by-point, we will obtain
a plot of photoemitted electron flux pe: unit wavelength versus wavelength.
i elength regime gives the total

Integration of this curve over the entire wav
number of photoelectroas emitted per square centimeter per second. This
is exactly the characteristic desired for the comparative evaluation of

materials for the field probe application.

ut the calculation de-

A computer code has been written to carry o
It is written in a dialect

scribed above. The code is listed in Appendix L.
of FORTRAN peculiar to the time-share system used for this calculation.
(For Phase 1V it was necessary to rewrite this program for the IBM 360/75).

The minor differences in syntax should not prevent the reader from follow=___

ing the calculation method.

Table IV presents the results of the integration of Phase III data.
The value of this method can be seen if one compares platinum and gold.
Although thK yield curves are jdentical in the region of high yield (up to
about 1200 A), the total emission of platinum is three times greater than that
of gold. This is due to variations in yield in a region where the yield is two
to three decades lower than the maximum value. 1t is inadequate, therefore,
to look only at the peak of yield curves when evaluating materials. It is also
insufficient to measure the total emission experimentally using a light source

spectrally different from the sun.

The detailed results of the calculation are reproduced in Appendix 11

In those tabulations the columns are:

1) Wavelength in Angstroms
2) Yield at that wavelength in electrons/photon
3) The emiesion in the band defined by the wa%elenggllx of the given

line and that of the next line (electrons cm — 8€C .

40~
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TABLE 1V

TOTAL PHOTOCURRENT . PHASE I

Aluminum
Cadmium

Copper
Copper-Beryllium
Gold

Nickel

Platinum

Silver

Tantalum
Tungsten

Zinc

Electrons cm - sec”

1.62 x 1010

1.05 x 10°°

2.33x10°

6.89 x 107
4.51 x 1010

1
1,02x 10 0

144 x 10"}

11
1.13x 10

1.50 x 10'°

1.08 x 10°°




.
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4) The emission per Angstrom of wavelength
5) The total emission,. i. e., a running total of column 3.

A slightly different procedure was used in the integration of the
Phase IV results than had been used previously. In Phase-1II the input
values for absolute yield were taken from published sources and extended
wel into the-vacuum ultraviolet. In Phase IV the range of integration
was between 2000 and 3500 Angstroms only. The input yi 1d data used
were the values normalized with respect to silver at 25001 as previously
discussed. One should not, therefore, make direct comparisons between
the results given in Table IV and the Phase IV results which are listed

in Table V.

The gold-on-glass yield data were also used in the solar integration
analysis. The average total emission.due to solar radiation over the
2000-3500 A band for each of the six gold film thicknesses has been plotted
in Figure 35. The extrema in these calculated values are shown. The rise
noted in yield values for the thinner films is reflected in this figure.
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TABLE V

TOTAL PHOTOCURRENT - PHASE 1V

Aluminum Bronze 8.15 x 107

5.80 x 109

Copper - Beryllium

Graphite 1. 56 x 1010

Phosphor Bronze 6.17 x 10°

Silver 3,46 x 100
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Stainless Steel, type 304 6.39 x 10° .
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V. CONCLUSIONS

In this report we have discussed the necessity of using the absolute
spectral photoelectric yield instead of the total photoelectric sensitivity
when comparing materials. It has been pointed out that the selection of
materials for applications such as the measurement of-the electric field
by a two-probe method should be based on the total emitted current in the
operational environment, For a space measurement this means that the

expression

I= Y F () dxr
w here
Y (M) is the yield
F (M) is the solar photox flux

should be evaluated for each candidate material and the resulting current
densities, I, should be uzed as the basis for selection. This has been done
and the results given in Table IV and V. On the basis of these results, it
is clear that uncoated copper-beryllium is a preferred material, Silver
(or silver coated copper -beryllium) has one of the highest photoemis sions
when exposed to solar radiation.

Further insight into the importance of the form of the solar spectrum
is gained from a plot of the cumulative emission up to 2 wavelength value
as a function of that value. Such a plot is given for cadmium and platinum
in Figure 36; A sharp increase in this function is seen for both materials
due to the Lyman-a line at 1215 A, For cadmium this is the principal
source of the emission. For platinum with a yield curve extending to
longei wavelengths, however, the increase is principally in the 1800-

2400 A band.

In the earlier discussions of the absolute yield data, it was pointed
out that contamination in a sample could contribute to significant changes
in the yield value. Zinc (Figure 10) was cited as an example. A review
of the relative yield measurements, which have been made as part of this
program, reveals shifts in the curves relative to the extrapolations of the
absolute yield data which might be explained in similar terms (e. g., surface
contamination). Copper -beryllium is a case of narticular interest. While
the absolute yield data of Cairns and. Samson (Figure 11) suggests a sharp
cut-off of emission at 1700 A, our norm ized data indicates a yleld of
about 10 ° electrons per photon at 2600 A, If these data were used in the
integration with the solar flux, a vastly different total emission would be

found.

A detailed study of the effects of various surface preparation pro-
cedures would clarify this uncertainty. It is suggested that these surface




g
-
[P
' B
-—

1 - 1679
‘ '
Cumulative Fmigsion Curve
12
10
{ -
i 'y . =
% o ' Platinum
.‘ e pwamm—e
'g g 101!
A - -
f o —
H v — _—
¥ B2 - —
' _
i - e
b =
& v . —
, *
of [
! S
t g — —
] B
5 0
¢ g
: & .10
¢ 10 -
¢ Cadmium _
5 ol 8
? L] —
3 ¢ —
. _
3 S
b © . —
| _ -
) l
{
3 Cd
‘ Platinum
10? l |
1000 1400 1800 2200 2800 3000

Wavelength - Angstrom
e Al

: -48-




o

R

studied satisfactorily in the near ultraviolet region and

effects could be
procedures might be developed.

that useful preparation

In Phase 1V additional materials were studied experimentally.
The alloys (aluminum bronze, phosphor bronze, and stainless steel)
were found to be low emitters as copper -beryllium had been reported
earlier. More complete graphite data were ob
in Phase II. The emission of graphite falls in an intermediate rang:.
The attempt to measure the photoelectric yield of a dielectric such as
glass has been described. A yield incyease of about 20 percent was
seen at a thickness between 75 and 50 A, Before one can state that the
technique is effective additional tests should be conducted.
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APPENDIX 1

A listing of the computer code which was written to calculate
the total photoemission is reproduced on the following page. It
is written in a dialect of FORTRAN peculiar to the time-share
system used for this calculation. The minor differences in syntax
should not prevent the reader from following the calculation method.
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COMPUTER CODE

DIMENSION SCTRI 2 FCTDI» W(SDI» Y (58D
JFENC3s INPUTs /7SUN/D

11 w 12 I=1,70

KEAD(3s00e) SCIIFCI)

Ik CFCI)) 14012512

12 C'E

14 13=1~1

CLOSEC3)

15 WRIE C1s CIHMATERIAL 2, 2))

_KREAD (1,¢A1)) NAL

DO 20 1=1,20

ACCEPT W(1)sYC(L)

1F (WCIND 21,21,20

2 C'E.

21 1y=1-1

10T=0e

J=1

LBO 25 K=2,1I5 :

IFCSCKI-WC1DD 25,25,26

25 C'E

D'Y uNO OVERLAPS

GO TO 15

26 D'Y SINTEGRATION STARTS AT s S(CK)

+RITE (1556

27 YY=12**((S(K)-W(J))/(W(J*l)-N(J))*(ALDGIQ(Y(J+1))-ALO&I@(Y(J)))+
ALOG10CY(JI))D .

ASFC(KIX*YY

10T=TOT+A

AA=A/(S(K+1)-S(K)) ‘

WRITE (1551 S(K):YY:A:AA.TOT N

K=K+1 .

IF (K=13) 28, 285 29

28 IF (S(K)~h(J*l)),27 227+ 29

29 1IF (W(J*1d) 99,99, 30

3¢ J=J+1

0 TO 28

99 D'Y SINTEGWRATION COMPLETE®

GO T0 15

S50 FORMAT C(SH hAVE:GX:SﬂYIELDo6X08HEMM/BAND:7X.6HEMM/G »8Xs SH10TAL)

51 FORMAT (F6e@sFBe 45 3E1 4 D) '

END

.
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APPENDIX II

The detailed results of the calculation are reproduced in this
appendix. In the tabulations the columns are:

1)
2)
3)

4)
5)

Wavelength in Angstroms.
Yield at that wavelength in electrons/photon.

The emission in the band defined by the wavelength of the
given line and that of the next line (electrons cm ~ sec 4.

Emission per Angstrom of wavelength.

The total emission, i.e., a running total of column 3.

Data are presented for the following materials:

Aluminum, Cadmium, Copper, Copper -beryllium, Gold,

Nickel, Platinum, Silver, Tantalum, Tungsten, and Zinc.
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WAVE
860
899,
911
920
950
999,

1027

1040

1090

1130«

1180

1200

1215

1220.

1275

1325

1375

1425
1475
1525

1625»
1675

1725

1775.
1800

1858 .

YIELD

0. 1509
Ve1381
0Ve1299
0e1265
Pe1158
0.1030
Ve BIB
Yo 0852
VD67
Qe0565
uoﬂ‘26
P.0380
B.0337
V.0324
V.0208
Ye0129
VeO14
B.00839
0.0020
Y.0010
Q.0005
Ye.0002
V0001
0.0000
Y +0000
0.0009
¥.0000

EMM/BAND

« 63366E+09
« SS25SBE+09
« 16235E+09
* 189 T4E+09
«.63TO2E+09
+S1491E+0Y
« 35003E+09
o 400 43E+09
« 3068 5E+09
« 46910E+09
*23410E+09
e 44460E+09
*90938E+10
+84118E+U9
« 24528E+09
« 2279 6E+09
«13527E+09
«14598E+09
« 1429 7£+09
«1293BE+89
e 12547E+09
*91773k+08
w631 74E+08
+33313E+08
+ 6680 TE+07
«B87500E+07
. 718282E+06

ALUMINUM

EMM/A
«21122E+08
+26313E+08
. 18039E+08
e 63246E+07
. 15925E+08
«13916E+08
e 26925E+08
« 8008 6E+07
«76711E+07
«93820E+07
«11705E+08
«29640E+08
~18188LE+10
e 1529 4L+08
. 49056E+0T
. 45592E+07
e 27054E+87
2919 76+07
«28594E+07
«25860E+07
« 2509 4E+07
«18355e+07
+12635E+07
. 66627E+06
. 26723406
e 17500E+06
«15656E+05

- 54‘.

TR AT T A Y

TOTAL
e« 63366E+09
«11B62E+10
«13486E+10
«15383E+10
«21753E+10
«26902E+10
«30403E+10
«34407TE+10
«37475E+10
0 421 660+10
. 4450 7E+10
e 489530+10
e13989E+11
e 14830E+E]
e 15076E+11
°e15304E+11
«15439L+11
e15585L+11
e 15728E+11
«15857E+11
«15983e+11

0 16074E+11

«16138E+11
e1617TE+LL
«16178E+11
e16186E+11
e16187E+11




WAVE .

810
B4l
860
890 .
91.1.
920 «
950
990
1627
1040 .
1U93.
1138,
1180,
12090
1215
1220«
1275
1325
13175,
1425
1479,
1525
1575
1625
16756
1725
1775
1800.
1850,
1900«
1950,
2000.
2050,

YieLd

¥.1354
B.1224
Be1144
0s1034

B.8947 .

B.0906
Pes0781
Peb6Al
Q.0533
D+0499
Ve 0389
B.0308

Y0226

Q.0200
$.0180
P.0174
0.0119
9.0081
D.0053
P.0033
0.0019
2.0011
0.0006
0.0003
D.0002
0.0001
©¥.0000
¥.2000
0.0000
0.0000
0.0000
0. 0000

0.0000
It

. e

" EMM/BAND

¢ 33842E+09
¢ 24474E+09
« 48051E+09
» 41369E+09
«11838E+09
«13588E+09
e 42956E+09
« 320 45E+09

«20786E+09 .

¢ 234713E+09
e 1T115E+09
«25535E+09
«12440E+09
« 23 400E+09
+ 48668E+10

« 45269E+09 -

o1 AB33E+D9
e 14333E+09
«97175E+08
«12032E+09
+13576E+09
« 141 46E+09
+15815E+89
«13899E+09
+ 11988E+09
«93953E+08
«33211E+08
+«57950E+08
« 32249E+08
e 1 7130L2E+08
«93545E+07
. SO260E+07

«18300E+07-

oh e -

CADMIUM.

EMM/A

.11281E+08

« 12237E+08
«1601TE+08
¢ 19699E+08
¢ 13154E+08
« 4529 4E+07
«10739E+08
+86609E+07
«15989E+08
¢ 469 4TE+@T
. 427BTE*B7
*51069E+07
« 62201E+DF
° 15680E+08
+91335E+09
+8230TE+07
«2BD65SE+D7
+2B666E+0T
«19435E+07
¢ 24D64E+Q7
«27152E+07
«28291E+07
«31630E+87
«27798E+07

«18791E+07
»13284E+07
«11550E+07
¢ 64481E+06

«34605E+06

« 18709E+06
+ 10052E+06
« 2O GOOE+DS

55

TOTAL
*« 33842E+09
e 5831 6E+09
«1063TE+10
«14774E+10
«15957E+10
e 17316E+10
«21612E+18
e 2481 6E+10
e 26895E+10
e 29242E*10
e 30954E+10
¢ 33507E+10
«34751E+10
«37091E+10
«85ST59E+10
«90286E+10
«91689E+10
+93122E+10
«94B94E+10
«9S297E+10
+96655E+10
+9BO6IE+10
e 996S1E+10
e 18104E+11
e 10224E+11
e 10318E+11
«18351E+11
0‘0409§9‘l
0 10441E+11
e 18458E+11
e 10468E+11
« 13473E+11
e 104T74E+1 1




=

AT

- WAVE
890.
911t

. 920«
= 950
=N 990
;F 1027
JQ 10403
. 4 1090
= ‘ 1130
- ' 1180.
1200
1215«
1220
1275
1325
1375
1425
1475
1525
1575
1625
1675
1725
1775
1800.
1850
1900.
1950,
2000 .
2050«
2100.
21950.
2200 .
2250 .
23Ld.
2358«
2400%
2450,
2500
2550.
2600,
2650
2700
2750
2800,
2850,
2900,
2950,

 YIELD

01225
B.1083
Ve1026
0.0860
B.0679
Be.0551

P.8512.

0388
Ppe0318
0.0235
0.0210
DeB191
P.0185
B.0131
0.0096
2.0079
B.0051
P.0037
V.00827
0.0020
Qe0014
D.0010
Y.0007
0.0005
B.0004
0.00023
00002
0.0002
0.0001
P.0001
2.0001
0.0000
0.0000
0.0000
ﬂqOQQQ
©0.0000

000““0

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
2.0000
00000
0.0000

EMM/BAND
« 4901BE+09.
+ 13532E+99
¢ 1 5397E+09
« 47291 E+09

¢ 33947E+09

02‘4743*09
« 24071 E¥09
¢ 1 TOSSE+D9
e 25744E+09
e 12912E+09
«245T0E+09
e51615E+10
« 481 T1E+09
«15491£+09
* 1 6988E+D9
«12841E+09
« 189 62E+09
«27295E+09
*« 36282E+89
e 517T4ATE+09
«S9951E+09
) 704455’09
« 71520 6E+09
«3621'SE+09
e T3SO0E+0Q9
7691 TE+09
e T71379E+09
* 18 420E+09
*« T898OE+0Q9
+«80AQTTE+0Q9
« 1991 7E+09
«B3570E+09
.82880L+09
«81871E+09
«55599E+09
« 28879E+09
« 30 498E+09
«22427E+09
«19335E+09
*«18035E+09
«169SOE+09
0‘56155009
o 11468BE+09
« 71805S9E+08
« 68310E+08
¢ 10274E+08
« 6S073E+08
* 4BS3AE+08

COPPER

EMM/A
¢ 23342E+08
+ 15035E+08
«51325E+07
* 11823E+08
«91748E+B7
«1651BE+08
«48141E+07
e 4263TE+D7
«5148B9E+87
« 64558E+07
« 163BVE+08
« 10323E+10
«8TSB4E+DT

« 30982E+07 *

«339TTE+07
«25683E+07
¢ 3792SE+07
° 54590E+07
e 12564E+07
«10349E+08
«11990E+08
« 1 40B9E+08
«15041E+08
« 1448 6E+08-
+14700E+03
«15383E+08
«15476E+08
+15684E+08
«15796E+08
«16095E+08
« 15983E+08
«16714E+08
«16576E+08
« $16374E+08
«11120E+08
¢ TT158E+0 %

. 60996E+DT"

04‘3545*@7
«386T0E+07-
«36071E+07
« 33900E+07
«31230E+07
«22936E+07
«15612E+97
+13662E+027
o 14055£+07
e 1301 5E+07
«91067E+06

TOTAL

« A901BE+09
. 62550E+0Y9
e 179 4TE+09
¢ 12524E+10
¢ 1591BE+10
. 18066E+10
«204T3E+10
221 78E#10
«247S3E+10
260 44E+10
«28501E+10
80116E+10
«84933E+10
+86482E+10
+881B1E+10
89 465E+10
«91362E+10
e94091E+10
«9TTI9E+10
¢ 18289E+11
«10832E+11
e 11593E+11
¢ 12345E+11
«12708E+11
e 13443E+11
c14212E+11
¢ 1498 6E+11
«15770E+11
e 16560E*11
e 17364E+11
«18163E+11
. 18999E+11
«19828E+11
«20647E+11
e 21203E+11
e21591E+11
e 21896E+11
«22121E+11
e 22314E+11
22494411
«22664E+11
«22820E+11
«22935E+11
«23013E+11
«.23081E+11
«23151k+11
2321 6E+11
e 23265E+11
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vAVE
wiUe
Bae
Bolie
.3 17 0
211,
J20
o
998
1127,
104
1099
1130
1180,
1200.
121 5.
1220,
12795
1325.
1375,

14256

1475,
1525,
1575¢
1625
1675

s - . e

ylelb

e 1813]
Vel dd4
Nel378
Nell4
Ve lUAY
Ue 13DV
BeBld
v.v621
Beab7
Ve 421
Ye282
V¥.0203
Dedl134
VeB¥13
de. 104

D VN9 4

veB049
Ye V27

BeV15 .
"Pe0008

0.0003
0.0001

00008

B +0000

De00VV0O -

COPPER - BERYLLIUM

o/ BRAND

e 42026E+UY
+306B1E+0Y
« D189 3E+VY
*» 369 62E+0Y
«13116E+19
e 1 5VVUVE+Q9
e 448 3IBE+VY
e 310 43E+V9
e 1821 4L+0Y
¢ 19716E+V9
e 12396L+09
+ 16819E+09
+« 73563E+V8
+ 13253E+09
«2T00VE+10
«24512E+09
«58168E+08
« A8 3BR2E+08
« 2768 TE+08
« 289 62E+U8
«25255E+08
«1773TE+08
e 11658E+08
+ 522 TSE+07
e 90 1I9E+06

EMi/A
o 1 VY E+UB
s 19340VE+1V8
e 19298E+UY
»22363E+08
o1 45TAE+VE
e SVYVVE+VT
«1121VE+UE8
«B3901E+RT
v 14011E+08
e39953E+0 7
e 309KIE+OT
«33638E+07
«367B1E+07
«BB3ISIE+DT7
*» S4P0BE+VY
e 4456 TE+D
e 11634E+07
e 96T64E+0B6
e 59374E+06
e 57923E+06
e SO510E+06
¢ 3541TSE+U6
«23317E+06
e 10ASSE+06E
«18156E+05

=57~

191AL
° 495026E+V9
¢ 1STATE+BY
«13360VE+10
e 1BUSEE+1
e19368L+10
¢ 2UB6BE+1U
«25352E+1Y
« 28 456E+10
«302TTE*+1U
«32255E+10
e 33495E+190
«3517TE+10
«35912E+10
«37237E+10
¢ 64231E+10
e 66689E+1D
«6T12T0E+10
e 6TT54E+10
« 68031E+10
« 6B321E+10
« 68573E+10
¢ 68 T51E+10
s 6BB6TE+10
« 68919E+10
« 6B92BE+10U




GoLD

WAVE  YIELD EMi4/BAND EMM/ZA 101AL «
B60. 0e1191 = «SPO2BE+09 « 1 6676E+08 « SOU2BE+VY
890. ©e1045.  +41 TBBE+09 ¢ 19899E+08 « 9181 .6E+09-
Hle ¥e0960 . 12000E+09 «13333E+08 « 10382E+10
920, D.A928 «13927E+09 ¢ 46424E907 «11774E+10
950 0.0831 + 4568.6E+09 o 11422E+08 «16343E+10
990 WeBT716 « 35680 AE+09 e 96T6BE*DT «19923E+10

1027, ©¥.0603 +23534E+09 . 18103E+08 «22277E+10

1040 ©B+08566 «26589E+09 «53179E+07 ¢ 24936E+10

1090, 0.0441 + 19421 E+09 « ABSS1E+07 «26878E+10
1130, 00035} «29099E+09 «SB8197E+07 «29788BE+10
1180 040259 1 4269E+09 ¢ 71345E+07 «31215E+10

. 1200. ©.0230 ¢ 26910E+09 1 7940E+08 -~ +33906E+10
1215 B.0203 . +54887E+10 «10961E+10 +BBT12E+10
1220. ©+0195 « SO 624E+09 «92B43E+07 ¢ 937T4E+10
1275« B.0123 . +14532E+@9 +29063E+87 ¢ 95228E+10
: 1325 ©0.0074 «13099E+99 «26199E+07 +96538E+10
{ 1375. ©+.0804a1 + T4181E+08 «14B36E+07 «97279E+10
: 1425 00017 . 6229 TE+08 . «12459E#07 «9TIY2E+10
1475, ©D+0014 + 998 76E+08 +199 1SE+87 98901 E#10
1 1525. ©0.001% 15771 E+89 «315A3E+87. . +10048E+11
¢ 1975¢ ©.0010 «25653E+09 ¢ 51306E+07 e 19304E+1 T
j 1625 ©.0008 +34980E+09- « 699 60E+07 e 10654E+1}
: 1075« B.00087 « 49925E+09 «998SOE+Q7 e11153E+11
f 1725 ©.0006 6460 6E+DY . 12921E+08 «11799E+11
_ 1775 . 00005 ¢ 37632E+89 «15053E+08 121 76E+11
: 1808, ©.0005 *B4BDBE+09- . 1 6600E+08 «13016E411
! 1850. 0.0004 c10342E+10 « 2068 4E+08 «14B5SBE+11
© 7 1900e B.0003 ¢ 12240E+10 » 24480 E*+08 ¢ 15274E*11
1950. 0.0003 1 4262E+18 ~ +28524E+08 e16700E+1 1
, 2006. ©0.0002 1651 AE+10 + 33028E+08 ¢ 18352E+11
_ 3 2050, ©.0002 «19091E+10 «38182E+08 «20261E+11
' g 2100. ©.0001 «21509E+10 . +43817E+08 - «22411E+1]
- 2150. 0.0001 «25518E+10° - «S1836E+088 «249-63E+11 -
: 2200. ©.0001 «28712E+180 « 57-424E+08 «27834E+11 -
: 2250, B.0001 ¢ 30267E+10 « 60534E+08 e 30861E+1T
) 2300« 0.0001 «21934E+180 « A3B69E¢08 ¢ 33055E+11

Ho__

i 2350, @.0000 +16368E+18 «32737E+08 e 34691E+11]
; 2400 0.0000 «13702E+10 « 2740 AE+08 +36062E+11
2450. 0.0000 «10891E+12 0817325*08 . «37T151E+1]}
2500. ©.0000 « 101 50E+10 «20299E+08 +38166E+11
g 2550. ©.0000 *» 10234E+10 «20467E+08 «39189E+11
: 2600, 0.0000 «10396E+10 0207?23403 « 4AB229E+11)
’ 2650. ©.0000 999 4DE+09 +19988E+08 ° A1228E411
‘ 2700. ©0.0000 « 76593E+09 +15319E+08 e 4199 4E+ 11

PN (3130 S

{ 2750. ©.00800 « 54463E+09 «10881E+08 « A2538E+11

. : 280G, ©.0000 «'49 680 E+09 +99360E+87 " A303SE+11

| 0BSH. ©.8000°-  +51251E+09 < 10250E+88 e 43547E+11

29vp. @.0000 < 47598E+09  «95180E+@7 o 44023E+ 11

295¢. ©.0000 «35594E+@9 - +71187E+07 « 44379E+11

: 3000 ©.0000 +25480E+09 + 509 60E+07 s 4463 4E+ 11

., g 3050. 0.0008 +19180E+89 +38361E+07 ¢ 44826E+11

: 3100. ©.0000 o 1 425284089 + 2850 4E+87 e 449 68E+11
3150. ©.08000 «99061E+08 «19812E+87 o ASD6TE+11 .

3200. ©.0000 +699885+08 * 139805487 ¢ 4513 T7E+ 11

oo

iy

AP

=58~




Nare o e e aime e

wAVE
CARKY
920
00
99Ue
1U27.
juatl.
1999,
11348,
1160,
1200
121 5.
1220.
1275¢
1325
1375,
1425
1479
1525
19575
1625
1675
1725
1775.
1800.
1850.~

. 19060.

1958
2000.
2950.
2100.
2150,
2200.
2250.
2300.
2350,
2400.
2450.
2508~

il

Ve1125
Ve 1068
Be 897
D+9719
Qe 055
Be@S11
NeB8364

V.0276 .

Y.0195
Q.0170
Ve153
Be0147
V.0099
V0069
V.00 ay
V0032
v.0021
V.0014
2.0009
B.0006
D000 4
e OB03
B.0002
V.0001
0.0001
D.0000
0.0000
0.0000
0.0000
00000
D.0000
0.0000
P.2000
0.0000

0+0000

2. 0000
00000
0.0000

EMM/BAND
e 140 69E+09
« 1 6020E+09
e 49316L+09
«35510E+09
21 75TE+0Y
e 24VOTE+09
«16010E+09
«22922E+9Y
Q‘W7‘UE*09
«19890E+09
«41180OE*10
« 38246E+09
11 660E+09
«12181E+09
+87712E+08
e 12006E+09
e 1998 TE+0Y
« 1868BTE*+09
+24039E+09
«25303E+09
«27211E+09
«26587E+09
e 11717E+09
«22750E+09
«20301E+09
1741 4E+09
« 15049E*09
«12924E+09
«11318E+09
«96598E+08
+86818E+08
« T4000E+08
+ 63463E+08
« 3741 TE+08
« 2271 6E+08
«15470E+08
+10S37E+08
841 ADE+DT

Y

NICKEL

EMM/ZA
e 15632E+U8
e 53399E+07
« 12329E+08
e 959 TAL+0T
+16736E+08
e 4B 1 4E+0Q7
.« 4VV2SE+VT
o 458 A44E+D T
e 53702E+07
* 13260E+08
e 82359E+09
e 69538E+07
«23319E#07
. 24362E+07
o 1 7942E+07
e24011E+07

"« 311 74E+07

«37374E+07
e ABYTTE+07

e SO606E+D7 .

«54421E+07
« 53174E+407
.« 46869E+07
. 4550VE+87
. 4D602E+07
«34829E+07
« 30098E+07

« 258 4BE+07.

¢ 22636E+07
0 19320E+87
+17364E+07
« 14800E+Q7
«12693E+87
« 7T4833E+86
e ASA31E+06
+30940E+Q6
«21073E+06
«16828BE+06

TOTAL
e 14069E+09
¢ 30088E+A9
.79 40 4E+V9
e11491E+10
e13667E+10
e16065E+10
e 17669E+10
e 1996tE#10
«210B35E+10
e 23V245+10
e 6420 4E+10
. 68U2BE+10
e 69194E+10
e T0412E+10
e 71290E+10
0 72490E+10
e T4 49E+10
7591 7E+10
¢ T8321E+10
«8OBS2E+10
«83573E+10
+86231E+10
+87403E+10
«B96TBE+10
«91708E+10
°«93450E+10

«94955E+10 -

. 96247E+10
«97379E+10
«98345E¥10
«99213E+10
«99953E+10
e 10059E+11
«10096E+11
c10119E+11
«10134E+11
«10145E+11
e 10153E+11




R
p e >3 B L A

WAVE
911l
920
L 2-1 0
994
1027

1040
1890

1130,
1180,

1200.
12195

1229
1275

1325

13735

1425

1475,

15250

1975

1625

1675,

1725

17795,

1800.
l 8'50 .

1900.
1950.

2000 .

2050

2100.

2150.

2200.

2250,

2300,

2350.

2400,

2450 .

2500,

2550«

2600«

2650

2700

2750

2800

2890.
2900,
2950.
Jvvde.
3V5¥.
3100.
3150
3208

Y1ELD

Ne 952
Ve0B915
BeVBVY
V0669
0.0561
B.0526

Vo412

B.0338
Ve26D>
Q0240
V.0219

ve0212 |

¥.0152
B.0112
0.0083
s 0098
0.2039
B.0026
PBe00D19
Q.0018
V016
D.0015
0.0014
0.03013
P.0011
V.0010
P.00V8
Ve 0007
B.0206
V.0005
Ye.000 4
P.0004
B.0003
0.8002
P.0002
0.0001
0.0001
2.02801
Y0001
0.0000
?.0000
00000
?.0000
V. 0000
0.0000
0. 0000
2.0000
D.000V0
0.0000
9.000V0
©v.0000
e 0000

EMM/BAND

" «11901E+09

«13719E+09
o 44000 EFV9
e 33460E+09
e 218 64E+09
« 24722E+09

+18111£+09°

« 280 T9E+V9
e 14560E+09
. 28080 E+0BY
e 59143E+186
¢« 55245E+09
«17936E+09

.« 19842E+09

«15130E+09
.21 552E+09
«28619E+09
» 3509 5E+09
«50619E+09
« 14750E+09
«11389E+10
¢ 19766E+10
«98440E+09
«22750E+10
«28809E+10
«35870E+10

‘e 43008E+10

« 5241 4E+10
« 63009E+10
« 713820E+10
«91074E+18
«10656E+11
e11798L+11
«89800E+10
«70382&+10
« 61B80E+10
5151 6E+10

050253i’10

+53101E+10
«56500E+10
+53194E+10
«39927E+10
«27774E410
+24B40E+10
«23375E+10
+19799E+10
«13507E+10

.o§82”05’09

¢ 51975E+99
« 30233E+09
«16451E+09

«90870E+08

PLATINUM

EMMZA
e 13224E+08
. 45731 E+07
«11000E+08
« 90 434E+07
e 1 6B19E+UB
e 49 444E+D 7
.45278L+07
«56158E+07
« 12802E+07
¢ 18720E+08
«11829E+10
+10044:+08

e 398 T3E+BT

«39684E+07
. 30259E+07
e 43104E+07
e H7239E+07
e T0190E+DT
«10124E+U8
«14950E+08
«22778E+Y8
«31531E+08
¢« 39376LE+08
.« 45500LE+08
«57618E+08
«70140E+08
« 85601 6E+08
e 10 4B3E+09
«12602E+09
«14764E+09
«18215£+09
«21312E+09
«23596L+09
e17960E+09
140 T76E+09

"+ 12376E+09

¢« 10303£+09
« 1005 7E+09
° 10620E+09
e 11300E+09
. HB639E+09
. 79853E+08
e 55549E+08
o 49-68VE+08
0 467150E+08
« 3959 7E+08
« 2701 AZ+08
«17640E+08
« 10395E+08
«60467E+07
«32901E4+07
«18174E+07

.60.

TOTAL

¢ 11901E+09
. 25620E+09
. 69 620E+09
¢ 10308E+10
«12495E+10
«14967E+10
< 167178E+10
< 19586E+10
«21042E+10
< 23850E+10
«82993E+10
<8851 7E+10
«90311E+10
«92295E+10
«93B0BE+10
¢ 959 63E+10
< 98825E+10
«10233E+11
c10740E+11
< 11487E+11
¢ 12626E+11
«14203E+11
¢ 15187E+11
¢ 17462E+11
«20343E+11
«23850E+11
+28151E+11
«33392E+11
«39693E+11
cATOTSE+1Y
«56182E+1 1
. 66838E+11
¢ 78636E+11
«8T616E+11
«94655E+11
. 10084E+12
«10599E+12
«11102E+12
+11633E+12
«12198E+12
«12730E+12
«13129E+12
«134a07E+12
f13656E+12
.13889E+12
«140BTE+12
o1 4222E412
«14311E+12
«14363E+12
< 14393E+12
«14409E+12
+14418E+12
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VAVE
911
926
9ol
Ie

1u2Te

104«

1w90.

1130.

118U

12000

1215

1220+«

127156

1325

1375

14254

147

1925

1L975¢

1625

1675

1725

1775

1800

1850

1900,

1950,

200690

2050«

2100.

2150,

2200«

2250

2300.
23%0.
2400 .
2450,
2500,
2550.
2600.
2650.
2700.
2750,
2800.
2850,
2900.
29508,
3000.
3050.

YIELD

00993
Ve 3930
e 748
JeH59
Be) B4
De @4} 6
De)297
Pe.0232
e 170
Ye¥150
B.0138
P.0134
Q.0V99
BeV0T6
e 0060
B+ 0048
Q. 0039
P.003}
0.0026
0.0021
V.0017
VeV 4
P.0011
0.6010
0.0008
20007
0.0006
V.00BA>
2.0004
P.0004
2.8003
090003
2.0002
0.0082
0.0002
B.0001}
P.0001
d.02001
0.0001
0.00800
0.0000
@.0000
Q.0000
9.0000
2.0000
0.0000
V. 0DBNO
0.0000
2.0000

EMM/BAND
¢ 12430E+09
* 139 49E+09

0A1‘288*09‘

¢ 279 59E+09
« 171 4TE+09
« 190 60E+09
. 13077E+09
1923 7E+09
«93421E+08
¢ 1 T950E+0Y
«37258E+ 50
« 3489 4E+ 09
e 11662E+09
« 1348 7E+09
«10947TE+09
«1766TE+09
«28291E+09
« 41835E+09
e 6631TE+09
+8TU4BE+09
«11781E+10
«14486E+10
<80344E+09
«17500E+10
+21527E+10
«25456E+10
« 30325E+10
«35900E+10
« 44S51E+10
« 53B8BE+10
«6BG19E+10
+8288DE+10
<9820 7E+10
+80000E+10
e 66431E+10
« 61880E+10
«51311E+10

' 49883E+10

o ABATAE+10
e ATA60E+10
« A2938E+10
+30970E+10
¢« 17724E+10
«13041E+10
« 9898 AE+09

"« 67625E+09

«37213E+09
+19600E+BY
+93676E+08

SILVER

EMM/ZA
«13788BE+08
¢ 4649 6E+0D T
« 102B2E+08
e 19566E+07
«13190E+V8
¢ 3B120E+07
0 32692E+07
¢ 38474E+07
e 4671 1E+07
e 11 TOOE+UB
e 7451 5E+09
e 63443E+07
«23324E+07
e 269 T4AE+07
«21893E+07
e 35334E+07
e S56581E+07
«B3669E+07
« 13275E+08
e 1"7410E+08

«23562E+08.

« 289 T2E+08
«32138E+08
« 35000E+08
*« 430 54E+08
° S0912E+0¥8
-« 60 650E+08
« 71800E+08
«89101E+08
e 10776E+09
«13724E+09
e 169576E+09
e 19641E+09
. L6BOPE+D9
«13286E+89
«12376E+09
«10262E+09
99 766E+08
«969ABE+08
.9 4920E+08
+85877E+08
e 6194BE+08
0354‘85’0&
«260DB2E+08
¢ 19797E+08
. 13525E+08
¢« TA4AR6E*07
*« 39200E+07
«1BT35E¢07

-61'

TOTAL

« 1241 0E+09
« 26358E+09
. 6748 TE+0Y
«95446E+0Y
c11259E+10
¢ 13165E+10
e 14473E+10
«16397TE+10
«17331E+10
.« 19VB6E+18
« 56344E+10
«59833E+10
. 60999E+10
. 62348E+10
. 63442E+10
« 65209E+10
« 68038E+10
.« 72222E+10
. 78859E+10.
«87564E+10
«99345E+10
«11383E+11.
C12187E+11
¢ 13937E+11
«16089+11
c18635E+11
<21 667E+11
«23257E+11
«29712E+11
«35100E+11
¢ 41962E+11
«SB2SPE+11
«608TIE+11
c6BOTIE+Y
o T4T1 4E+11
«80902E+11

e 86033E+11

«91021E+ 11
+95869E+11
«10061E+12
«10491E+12
«10BO1E+12
«10978E+12
+11108E+12
«11207E+12
»11275E+12
«11312E+12
«11332E*12
¢ r1341E+12




St

WAVE
91t.
920
95U
990

1027,

1040

1090,

1130,

1168

1200

1215

1220.

1275

1.325.

1375

1425

147S.

1525

1575

1625

1675,

1725.

1715

1800.

1850.

1903

1950.

2600.

2050 .

210u.

2150,

2200,

YIELD

e 1464
1e1435
31342
Ve1227%
Vel1037
Vel0967
Ve 739
D.0587
Ve D438
B.0390
We327
V. 0308
e@161
0+0089

G050

D027
B.0NV1 4
Q. 0V0Y
B.BV04
2.0002
P.2001
D.0001
Je0ONO
©Y.«0000
Ne DABY

0.0000 ,

0.+ 00V
NeBUIVLK
([ XY7151%1"%]

Y.VR0Y

Yo OOV
Y «0B0Y

EMM/BAND
« 18295SE+09
«21518E+09
¢« 13790 E+09
« 61354E+09
¢« 4D 462E+09
s 4D462E+09
« 3250 6E+09
o AB TA9E+09
e 24112E+09
° 45630L+809
«8B236E+10
+80105E+09
«19012E+09
¢« 15827TE+09
«908B65SE+08
«99581L+08
«10396E+09
e 10021E+09
«10366E+09
«88729E+08
0784773098
e 63065E+08

«22859E+U8 -

. 4D250E+08
«31566n+08
«23798+08
« 18075E+0Y
¢ 13642:+08
»10373+08
¢ 76875E+07
¢ 59992E+07
* 444V0QE+VT

TANTALUM

EMi/A
«20328E+08
e 11 126E¥#07
e 18448L+08
« 1 6582E+08
¢ 31124E+08
090923407
e81264L+07
e 9TAIBE+DT
e 120566+08
e 3D 42V E+O8
e17647E+10
e 14565E+08
*«38025E+07
«31655E+07
«18173E+07
«19916E+07
«20791£+07
« 200 43E+0T
«20731E+07
e 17746E+07
+15695E+07
«12613E+07
«91435E+06
«BOSBVE+D6
« 63133u+6
+ ATS96E+D6
e 36149L+06
« 27284L+86
020747E*D6
«195375E+06
e11998E+06
«BUBOVL+OS

TUO1AL
« 18295c+09
+« 398 13E+09
«11360LE+10
e 17496E+10
«21542E+10
«26088r+10
e 29339E+10
0 3421 4E+1V
«36625L+10
e« 41188LE+10
e 12942411
e13743k+11
«13934E+11
e 1av92t+11
e14183c+11
e 14282E+11
«14386E+11
«14590k+11
«14679+11
«14757L+11}
.1482@&*11
e 14843E+11
0‘4888L*11
«14915E+11
¢ 14939E+11
014957L*“
e1a97tr+ll
e14981t+11
e 14989E+11
14995411
e 14999E+11




wAVE

GIJe
911
I2uUe
9 IMe
Y9Il e
1027
judl.
1213
1130
11580,
1200
1215
1220
12715
1322
1375«
1425
14°(5e
19529
1915
1625
1675
1725,
1775,
1800
1850
1900
1950.

2000, -

2050.
2190V,
2150,

Ylelv
wel 440
e 1292
ve 1231
e lAY
Yelld 44
PelOTZ
Ye61Y
T rry
Ve 1346
e 25U
YeU220
YelI19O
Je1YY
el
BeJUBY
VeYUD4
-Yewu34
PRSI ]
VeOV13
Ve BBVE
.00V A4
V.02
Ve 001
eV
.00V
V.0000
V.00V
0 «0000
V.0000
V. 00V0
V. 0000
00000

i/ BANU

e 576580 rUY
¢« 16148L+09
s 18461 E+VY
¢ 979593+109
. 42213499
e 2621006409
« 290 44L+U89
e 19690E~YY
« 2869019
«13761£+09
e 2914 E+Y9
«52646E+10
e 4B 69 TE+VY
e 1AT9TE+YY
o 14241 E+U9
+95463c+08
«126910+09
e 1521 6L+09
« 168 46E+09
«20012E+99
181276+ 0Y
«15631E+09
e 12247e409
« 43281 +08
o T3250E+V8
e 49792E+08
«31672E+08
e 20295E+0U8
¢ 12924E+08
* 719234E+07
e 47341 E+07
29 786E+07

TUNGSTEN

e/ A
«27951E+UB
e 17942L+08
e 61535e+07
e 14398+08
e11409L+08
«201610L+08
«DBLBBECVT
0 49225c+07
95738V +Y7T
« 6B837R+07
ei TI6UE+VB
1¥d29e+1V
«88939c+07
e 2839407
o 28 482040 Y]
¢ 19693r.+07
«25382e+07
e3V43I i+
336920407
o AVV24E+DT
e 362536+V7
«31262:+07
02449 AL+07
e 17312E+07
e 15050E+V7
e 99584E+06
«63344E+06
« 4D 590E+D6
«25848BE+06
« 19847E+06
«94682E+05
e 59572£+05

iAL
e BTE98TIY
o 1Y DL+
e 92&0be 1Y
e 1500 6E* IV
ol9227h*l”
s 21848LE+10
«24752e+10
12672111
e29590e -1V
e JVIEUEFIV
e 3354} et 1 X3
066187bblw
eIV T+ 11
VY YIIX 2 1Y)
e 93VIUE+IY
e 9auBSL+ b
¢ 96154k+11)
e 9716761:+106
«99360E+11
«10136k+11
e 19317+l
s10474L+11}
el3v9 6L+
0106392411
« 10715411
e10°765e+11
ly796E+11
«10816kE+11
«10829L+11
«10837E~11
e108421+11
«10845e+11




LAVE
alte
Oénie
B6t)e
890
Jile
92U
90U
990

1u27e

1040

1U90.

113U,

1180

1200 -

12195

1220

1279
13205,
1375,
1429
1410
1925
1575
1625,
1675
17125
1775
1800
1850
19U
1950
2000

Tiell

Ve 1354
Bel224
tiell 44
Jel34
Vewd5d
Yevd12
Ved 194
YDelJ66Y
Ue®HD36
Veid9 6
Yed 361
De289
Ved21 4
HWe 190
Vel)1-6%
Ded160
Ye 101
VelBU6E
Be A3
VeIIZ26
Ve¥A1 4
Ve DUB
V.00V A
YevlVe
WeVW1
Ve VUV
¥ eBVVO
Ve BBVY
YeLBY
YUV
U«00VY
0 .0V00

M7 BAND
0 33842k+0Y
e 2447411 VY
° 45UH1 ETVY
e 41369E+19
«11881L+U9
+13676E+YY
e 43625e+¥9
«329900+09
« 20899E+V9
«23298+09
.t 6163e+09
e 23990 L+¥9
oll?BlE*”9
«2223005+09
e 45187E+10
«417122+09
e11889c+09
«11683c+09
e 17132E+U8
¢ 96400E+08
e 105391+09
e 10640E+09
«11526E+09
«93312E+U8
e 106260+08
°« 48538L+U8
¢15046:.+08
«24500+U8
11731 1+U8
e 54000+ -
e 18739u+07
e 64620e+06

Y IS E

ZINC

e/ 4
11281 k+0Y
0 12237Tu+U8
o‘b”‘VL*US
e19699L+18
¢ 13201 L+UE
e 4558 T+
ol“9‘4&+”8
eB9161+07
«160762+08
e 4659 6L+VT
« 40 AVBL+OT
047951&*U7
e 58904+
e 14820L+08
e W3 THL+VY
e 15840E+071
e 23117407
«23366E+87
e 195826£+07
. 19280E+@7
e 21078E+V01
s 212800+07
e 23052E+07
e 18674L+07
e 14125E+07
e 9 TOTHET+VE
« 60183E+06
. 49000L+V6
«23463L+V6
¢ 10BBULE*V6
e31471e+05
« 12924E+US

b4~

Wikl
« 338420799
e 583161119
e 1063TE+10
e 14174410
e159620+10
e17329+10
e21695:£+10
e 249941+ 10
e 27008 4E+10
«29413E+10
«31030:+10
e 33429E+10
e 34607e+1V
«36830L+10
«B20U1Te+10
«86188u+10
«87377+10
e 88545E+19
«89337+10
«9Q301E+10

«91355e+10

«92419:+18
«93511E+10
e 94505E+18
«952112+10
¢956976+10
e 95847c+10
e 6VI2E+10
«96209L+10
«906263E+10
«96282:u+10
«96269L+10




